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SUMKARY 


The theory of Inertial Impaction Is briefly presented; by and large the 
calibration experiments of Wong et al. (ref. 13) confirm the theoretical 
calculations . 

In many respects the stratospheric aerosol research experiments performed 
at Ames Research Center are virtual duplications of the Wong et al. experi- 
ments, except for the pressure effect that can be corrected by using the 
S tokes-Cunningham slip factor. Consequently, the use of the curve of Inertial 
paramenters vs particle collection efficiency, derived from Wong et al.. Is 
justified. The results show that stratospheric aerosol particles of all 
sizes are collectible by our wire Impaction technique. Curves and tables are 
presented and used to correct particle counts for collection efficiencies less 
than lOOX. 


INTRODUCTION 


The Atmospheric Experiments Branch at Ames Research Center has conducted 
an ongoing aerosol study In the lower stratosphere for many years. Special 
aerosol collecting devices are being flown on NASA U-2 aircraft at altitudes 
from 12 km to 21 km (ref. 1). Cylindrical wires of various sizes for 
partlcle-slze-dlstrlbutlcn studies and special thin films supported by elec- 
tron grids for chemical and physical studies are used as collecting surfaces. 
The partlcle-slze distributions and the chemical and physical studies have 
been discussed In many papers (refs. 2-6). To Interpret the partlcle-slze 
distribution results, theoretical calculations of aerosol collection effi- 
ciency and calibration experiments are needed. In fulfillment of one of these 
needs, this paper reviews and discusses aerosol collection theory and the 
application of the theory to our existing wire crliectlon method at strato- 
spheric conditions. 

The Individual thin wires we use for our aerosol collections can be 
considered, from a theoretical point of view, as basic elements In a filter. 

As particle-laden air approaches a cylindrical element, air molecules flow 
around It, while the particles tend, by inertia, to follow stralghter paths 
that may Intersect the cylinder, resulting in the particles being collected. 
The Interaction of air molecules trying to drag the particles along airflow 
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lin«s and inertial effects tending to make the particles travel straight paths 
results in nodified particle trajectories that nay or nay not intersect the 
collector. The else and mass of the particles* the properties of the air* and 
the collector site and configuration all, of course, influence whettMr the 
particle will follow a stralghter path (and hit the cylinder) or a more curved 
path (and miss t le cylinder). When a particle, initially on a trajectory that 
should intersect the cylinder, is moved by the diverging airflow to miss the 
target, then there is a collection efficiency problem. Understanding and cor~ 
renting for this problon is the purpose of this paper. 


BACKGROUND 


Theoretical studies of particle collection by filtration were made as 
early as 1931 by Sell (ref. 7) and Albrecht (ref. 8). During World War II, 
Langmuir and Blodgett (ref. 9) systematically studied the theory of filtra- 
tion by isolating a fiber in an ideal airflow. Shortly after Lan^nulr and 
Blodgett's work, Landahl and Herrmann (ref. 10) published some of their theo- 
retical calculations on particles collected by impaction with moderate 
airflows at a Reynolds number (Ref) of 10. Davies (ref. 11) also calculated 
collection efficiency, but in a viscous flow at Re£ “ 0.2. Because results 
of the theoretical studies by the above authors were not in total agreement, 
Rauz and Wong (ref. 12) tried to verify the theory experimentally, with some 
success. Later, Wong et al. (ref. 13) completed another accurately calibrated 
experiment with different sizes of cylinders in a further verification of the 
theory, including the effect on collection efficiency of seunpling at different 
Reynolds numbers. Generally, the various experimental results are in good 
agreement with the theory at high Reynolds number, but there is no reliable 
experimental data for low Reynolds numbers in viscous flow. 

The efficiency with which aerosol particles are collected on an Isolated 
cylinder is influenced by particle Inertial impaction, direct interception. 
Brownian diffusion, gravity settling, and electrical and thermal effects. All 
of these mechanisms, except particle inertial impaction, are found to be 
insignificant under our collection conditions (see appendix). Consequently, 
the following discussions are limited to inertial impaction theory only. 

Before we untangle the mathematical analysis of the theory, let us review 
the basic concept of filtration — mainly the mechanical (momentum) transport 
process in the gas-particle system (ref. 14) and in the gas-obstacle system 
(ref. 15) that determines whether a particle will miss the cylinder or be 
collected by it. We define the gas-particle system to be air-intermixed with 
aerosol particles, and the gas-obstacle system to be air-containing the 
collection cylinder. 

In the gas-particle system, two dimensionless parameters (of many) are 
iaq>ortant enough to warrant detailed discussion. First to be considered is 
the Knudsen number, which provides a measure of the departure of the transport 
process from the laws of continuum mechanlcu. The definition of Knudsen 
number (Kn^) for a particle of radius Rf in an Infinite gas medium is 


7 


( 1 ) 




for 0 < l« < • 

"Hi 


'vflMrm X. Is ths nesa frse path of the gas nolecules. Over the range 0 to 
K^l la alvlded into four regions, each region being assigned an arbitrary 

value. 

1. The continuum region, Kqi 0 — The notion of the gas molecules In 

the vicinity of the particle Is dominated by collisions, and all of the trans- 
fer processes of the gas molecules to and from the particle are of a diffusive 
character. Such a gas can be regarded as a continuum medium and the transport 
process as a continuum process. Any finite Knudsen number >0 Is regarded as 
in the noncontinuum regime. 


2. The slip-flow region, 0 < < 0.25 — In this region the transfer 

processes are described by applying a correction factor to the continuum. 

3. The transition region, 0.25 < < 10 — At present there Is only an 

Inexact theory to describe the transfer processes In this region; there are 
difficulties in describing the molecular motion and In obtaining accurate 
experimental data (ref. 14). 


4. 


The free-molecular region, 


i 


> 


10 — There are no Intermolecular 


collisions between gas molecules near the particle, and the gas molecules 
travel In straight-line paths. The particle may also be considered as a large 
molecule undergoing Independent and binary collisions with the gas molecules. 


In the upper tropopause and lower stratosphere, the transport processes for 
aerosol particles are in the transition region. 


The second dimensionlebs parameter to be considered In the gas-particle 
system is the Reynolds number of a particle moving steadily through a stagnant 
medium of Infinite extent. Thd Reynolds number of a particle in this flow 
field is 


Rei 


2pgRj^| (u - v) I 


( 2 ) 


where Pg ■ gas density, u ■ particle velocity, v ■ gas velocity, and 
Pg ■ gas viscosity. When Re^^ <0.1 and when the gas Inertia Is minimal, the 
Stokes-Cunnlngham resistance law gives a good approximation of particle motion. 
When Rej^ >0.1 or when the gas Inertia becomes significant, the calculation 
of particle motion Is extremely complex. For our sampling situation in the 
upper troposphere and lower stratosphere, we apply the Stokes-Cunnlngham 
resistance law. 
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In the gas'^bntncl* ayit«i, the two dtaanslonlaas paraamtara ara 
Important. In thla ayatena, tha Knudaan nuabar la 

for 0 < Kn^ < • (3) 

whara la tha collactor radiua. All of tha tranaport piocaaaaa In tha 
gaa-obatacla ayatm ara deacrlbed in much tha aama way aa in tha gaa-partlcla 
ayattttt. But now the tranaport procaaaaa ara in tha continuum raglon in our 
aampling aituatlon. 

Tha Raynolda numbar of flow in tha gaa-obatacla ayatam la 


2pgRcV 

Ra« for 0 < Ra« < • (4) 

t yg I 

whara R^ • obatacla radiua. Whan tha gas is frlctionlaaa, lncoBq>resaibla, 
and Ref «•, and when tha fioa is Irrotational, a potential flow field in tha 
high Raynolda number region is defined; when Ref 0, a viacoua flow field 
exists. Our sampling conditions are between these two extreme flow regions 
for the gas-obstacle system. More detailed discussion of flow conditions will 
be presented in a later section. 

Having re\lewed the transport processes affecting the particles, ve can 
now proceed with the mathematical analysis of the theory. With the restric- 
tions in mind for our sampling situation for the two dimensionless parameters 
in the gas-particle system and the gas-obstacle system, consider a gas laden 
with aerosol particles moving toward a circular cylinder placed perpendicular 
to the direction of flow (fig. 1). As the gas is deflected around the 
cylinder, a particle moving with the gas tends to cross the streamlines and 
Impact on the surface of the cylinder. As we said before, two effects influ- 
ence the particle movement: inertia that tends to make the particle follow a 

straight path, and frictional drag forces that tend to slow the particle 
motion relative to the gas stt'esm and divert the particle from ita initial 
trajectory. This frictional drag force opposing the particle motion is 


where u 


- 


particle velocity and v 


d" - 


-6nygRi(u - v) 

■ gas velocity, or 
(u - v) 


(5) 


( 6 ) 


where ■ l/biry-Rj^ and Rei << 0.1. Mobility (Bi) (ref. 14) is defined as a 
proportionality constant of the ratio of the velocity of a particle to the 
force acting on the particle. But the mobility of a particle depends on the 
value of Kq - ^g/Ri> When this Knudsen number beccmies finite, such as in 
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the trenaltlon region ifhera we aenq[>le «id in the free me ;cule region, the 
mobility reletion mxat be corrected oaqilricelly by 

(1 + AKn^) 


6irUgRj^ 


( 7 ) 


where A is a constant. The coefficient 1 + AKn^ is called the Stokes-' 

i 


A A 


Cunningham correction. Furthermore, A •• A + B exp(l - C/Kn^), where A, B, 
and C are constants (ref. 14). 

Introducing values for all of these coefficients in our ;ampllng situa- 
tion, A ■ 1.23 + 0.41 exp(-0.44 Dp/Xg), and ^ 


»i ■ 6;^ ^ » )j I 

we can solve for Bj^ %^ere Dp - particle diameter. This result, then, 
represents particle mobility due to drag on the particle by the diverging 
airstream. 

Now, if all the forces other than the frictional arag are inactive, 
Newton's law of notion can be applied to the movement of the particle as 
follows: 

V, iSi . (u - v) 

“ dt Bi 


( 8 ) 


(9) 


provided that 0 < < “, Re^ < 0.1, and M ■ particle mass. 

Again, u is the particle velocity and v is the gas velocity. Substi- 
tuting and solving. 


4 „ 3 du ‘”“8*1 

3 ’*1 “1 d? C7“ 


(u - v) 


where C. is Stokes-Cunningham correction, is particle density, and 

Ri - Dp/2; 


Jl. du 

18 Mg dt 


+ u - V ■ 0 


( 10 ) 


In Cartesian coordinate forms, the equations reduce to 

2 


1 ^ _ V ■ 0 x,y - position coordinates (11) 

18 Mg dt* 
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( 12 ) 


1 ^cPlV dy 

18 Mg dt2 ^ dt 


- 0 


To solvti those tiro equations, we convert them into dlmensionleea forms with 
the following diaenaionless parameters: t ■ 2vt/Dgi u^/v; Uy ■ Uy/v; 

X ■ 2x/Lq; y ■ 2y/Dc; Vj^ • v^/v; Vy ■ Vy/v; yo - original y position of 
particle at t 0; and 7* “ Fq position of the particle where its trajec- 
tory is tangent to the cylinder (see fig. 1). Defining terms, x,y “ position 
coordinates; v * the gas velocity at a large distance from cylinder; c “ time; 
and ■ the cylinder diameter. Substituting these dinenslonless parameters 
into the equations, 


where 


and 


Similarly, 


CpPiD 2 (Dc/2)d2jc (Dg/2)dx 


— - vVx • 0 


18Ug (Dc2/4v2)dt2 (Dc/2v)dt 

AcPiV \/2y2\d2x « 

\ j\I>c/dt2'^'^dt‘^*" 

( d2x . dx _ \ 

3F * 3f ■ ''* 1 ■ 


CcPiDp^v 




2* ^ ^ - 0 
dt2 dt y 


(13) 

(14) 

(15) 


(16) 


(17) 


et al. (ref. 13} explained the meaning of the inertial parameter 
and the co.'’ lection efficiency as follows: 

The inertial parameter has a physical significance in that it 
is the ratio of the stopping distance, i.e., the particle will 
travel in still air when given an initial velocity of v^,, to the 
diameter of the cylinder. and Py are the components of gas 

velocity which are rx..ated to the position _x and y, and the Reynolds 
number of flow across the cylinder. When t ■ 0, and x ■ the 
boundary conditions will be y “ yo» dx/dt ■ 1, and djr/dt ■ 0. 


6 




M 

U 

F : 

i\ 


0 


i 

I 

i 


And for a glvaa partlcla and flov condltiona, the above equatlona 
will reeult in a aeriea of trajectorlea originating at valuea of 
yo which would intersect the surface of the cylinder or pass 
beyond it. One of these trajectories* originating at y*, is 
tangent to the cylinder* and it is this trajectory which determines 
the efficiency* tij ■ y*/Rc» Impaction [see fig. 1 from ref. 14j. 

The efficiency of inertial impaction, nx> is defined as the ratio 
of the cross-sectional area of the original aerosol stream from 
which particle trajectories . . . of a given species and size 
intersect the surface to the projected area of the collector in 
the direction of flow. 


In order to solve these differential equations* one must examine the flow 
conditions of a gas across the cylinder. There are two simplified flow con- 
ditions that are adequate for a practical solution. One is at high Reynolds 
n\nid>ers (Ref ■> ») where the flow in front of the cylinder can be considered 
ideal* invlscld* Irrotational* and incompressible* and has the forms of 


V ■ 1 + = 

* (x2 + y2)2 

^ 

y (x2 + y2)2 


(18) 

(19) 


-1 

I 

I 


The other is viscous flow; so far, mathematical solutions for pure 
viscous flow (Ref 0) have not been developed. But when Reynolds numbers 
are finite, Lamb (ref. 16) has used equations to describe the flow near the 
cylinder by taking partial account of inertial terms in the differential 
equations: 


2.002 - £n Ref 




in ( x 2 -f y 2 ) l /2 + (;2 ^2 . 1 ) ( y 2 , ; 2 ) 


2(x-‘ + y^) 




( 20 ) 


1 (x2 + y2 - l)xy 

'"y " ~ 2.002 - in Ref|_ (x2 + y2)2 _ 


( 21 ) 


With different shapes of collectors, however* different equations are needed 
to describe each flow situation. 

To solve equations (16) and (17), which describe the Inertial impaction 
for particles in a free alrstream approaching a cylinder, many Investigators 
followed step-by-step calculations starting with the particles at some prac- 
tical value of X ahead of the cylinder. Sell (ref. 7) used his experimen- 
tally determined velocity distribution; Albrecht (ref. 8) used equations (18) 
and (19); Langmuir and Blodgett (ref. 9) used the differential analyzer to 
establish curves; and Landahl and Herrmann (ref. 10) applied the flow field 
of Thom (ref. 17). The results of the above investigators, along with the 

\ 
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theoretical calculetlona of Davlea (ref. 11) and the experiaMtal reculta of 
Wong at al. (ref. 13) are preaented here aa figure 2 (froa ref. 13). Tbeee 
reaulta are uaained in detail later in the Dlacuasion aection. 

So far we have examined the equations that deteralne particle trajec- 
toriea resulting from the effects of frictional drag and inertia. We learned 
that the Knudsen and Reynolds nuabers are iiq>ortant to both the air-particle 
flow field and the air-nbstacle flow. In the resulting computations we deter- 
mined that the inertial parameter ^ provides the mathematical relationship 
that enables us to deteralne sampling efficiency for impaction of certain 
aerosol particles on cylindrical collectors under specified conditions. 

Finally, we found that controlled laboratory experiments generally confirm 
theoretical treatments of the flow situations. Therefore, we are now ready 
to examine our sampling situation to calculate the efficiency corrections 
needed to accurately depict the particle-size distributions in the stratosphere. 

First, however, we notice a striking similarity between the experlMntal 
conditions maintained by Wong et al. (ref. 13) in their confirming experi- 
ments and our sampling situation in the stratosphere. Wong et al. generated 
sulfuric acid particles In the size range from 0.56 to 1.40 pm; velocities of 
their aerosol streams were 3.99 m/sec to 50.90 m/sec ; the density of sulfuric 
acid aerosol was 1.48 g/cm^; and their platinum collector wires bad diameters 
of 25 pm and 75 pm, their tungsten wires diameters of 50 pm and 100 pm. Witn 
those collector diameters and velocities the flow Reynolds numbers had a range 
from 13 to 330. Their impaction was performed at room temperature and pressure. 

In our collection experiments In the stratosphere, the particles consist 
of a slurry-like fluid (liquid mixed with solid) (ref. 3). Many researchers 
(refs. 18-22) suggest that the particles are mostly sulfuric acid containing 
crystalling components, such as annonlum sulfate and volcanic ash. They pro- 
pose particle densities of about 1.4 g/cm^. For our study, we chose 1.3 g/cm^ 
as an arbitrary value for all calculations; we will Justify that choice in a 
later section. Our collections have been made at altitudes of 12 km to 21 km. 
Stratospheric particles have sizes ranging from Aitken nuclei (0.01 pm) to a 
few micrometers and the peak concentrations are of particles of about 0.2 pa 
(ref. 5). The velocity of the U-2 aircraft at 18 km is about 200 m/sec. 
Collectors are 25-pm and 75-pm palladium wires. The flow Rejmolds numbers 
based on these wire diameters for these conditions are about 42 and 127, 
respectively, within the experimental range of Wong et al. The temperature 
ranges from -40* to -60* C; pressures and viscosities are those at sampling 
altitudes. By using the Cunningham correction factors to account for differ- 
ent altitudes, our sampling conditions are in many ways almost a duplication 
of those of the Wong et al. study. Consequently, our use of their derived 
curve of inertial parameters vs efficiency is Justified. 


APPLICATION 


The following is an example of the method we use to calculate collection 
efficiency for stratospheric particles on 75-pm-dlam wires at an altitude 
of 16 km. 
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Imt us rsststs ths insrtlsl laq^ction paraiMCsr squstion 



and 

r / 

Cc - 1 + I •XPI-O.AA ■“ 

iHtars 

inertial isq;>action paraastsr 
Cc Cuiminghui slip factor 
Pi density of particle 

V airstreaa velocity, or collector velocity 

Ug viscosity of fluid 

Dg collector diaaeter 

Xg Bean free path of air molecules 

Values for the variables at 18 ka are 

Oi - 1.3x10^ kg/a3 

V 205.78 m/sec 

Ug ■ 1.4216x10” 5 kg/msec 

Dg ■ 7.5x10”^ a 

Xg - 6.9883x10"^ a 

Dp ■ 0.1 MB or 10"^ a 

Substituting the given values into the inertial impaction parameter and the 
Cunningham slip factor equation, we get 

. 1.8127 

Now, using the experiaental curve of Wong et al. vs lap, action efficiency 
(fig. 2) we obtain a collection efficiency of 892 for a particle of this small 
sise. Thus, when we count the nusiber of such particles on our collectors, we 
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must incrMBv that count by tho ratio 100Z:89X to obtain tha actual atrato- 
apharlc population of that aisa. 

To invaac ^sata tha collactlon afficiancy of 75<-tm and 25 -ub wlraa for all 
particla aixaa «ind altltudaa of intaraat (from 9 km to 21 km), wa aalactad 
nina altltudaa aaparatad by 1.5 km. For aach altituda and collactor di^atar, 
ua calculatad the impaction parameters for particle aiaaa from 0.01 pm, in 
0.01 pm intervals, up to a particla slse that gave tha ^ value of lOOZ 
afficiancy on tha Wong at al. axparimantal curve (fig. 2). These impaction 
parameters thus gave us collection efficiencies for aach particle size and 
altituda (see figs. 3 and 4). Reconstructing these, va obtained tha particla 
size vs collection efficiency curves shoum in figures 5 and 6. Wa also 
arranged these afficiancy values in tabular form (see tables 1 and 2) for com- 
puter storage to enable correction of future sample counts. 

As we stated before, we assume the Reynolds nusd>er in the gas-particle 
system Re^^ ic <0.1 in our sampling situation and it need not be considered 
further here. However, to properly use the Wong et al. curve in figure 2, 
the flow Reynolds number (Ref) should be in the range of 13 to 330. As an 
example, we calculate tha Ref for our collector at 18 km as follows: 

D^v 


where 

V- kinematic viscositv ■ — 

Dg 7.5xlO”^ m (3-mil wire) 

V 205.78 m/sec 
Vf 1.2196X10”** m^/sec at 18 km 

Substituting these values in equation (23) gives RSf “ 127. Thus, we demon- 
strate that our sampling sitoat'.on at 18 kn conforms to the requir'i^ients of 
Wong et al. (fig. 2). Because the kinmnanic viscosity changes with altitude, 
we have different Reynolds numbers of flow for our collector diasMtter at dif- 
ferent altitudes; but these Reynolds numbers are all within the required range. 


DISCUSSION 


If we compare all the theoretical results, we find that they are not in 
good agreement, but generally follow an S-shape curve, except the calculation 
of Davies (ref. 11) with a flow Reynolds number of 0.2. The experimental 
results of Wong et al. for Reynolds numbers ranging from 13 < Ref < 330 
closely agree with those by Langmuir and Blodgett for potential flow and those 
by Landahl and Herrmann for a Reynolds number of 10 at ^ value below 1.4; 
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hoiMv.>r» th« Mcp^rlMiitAl valuaa ara highar for valuaa of graatar than 
1.4. Aa wa hava ahown, our collaction and flow cjndlciona ara about tha aama 
aa tha axparlaantal conditiona of Vong at al., axcapt for praaaura, which la 
corractabla by tha Cunnlnghaa slip factor in tha inartial lapaction paraaater 
aquation. For all of tha abova raasons it is aora appropriata for us to apply 
tha rasults of Wong at al. than tha rasults of othars. 

Wa have stated that tha particle density value wa chose was slightly 
different tvoa that used by other axpariaantars. Wa selected this density 
based on tha work of Far low at al. (raf. 5) in which they found that tha com- 
position of stratospheric aarosolu is perhaps more dilute than the 75% H2SO4 
proposed by othars. For example, tha density of 75% sulfuric acid is about 
1.4 g/cm^, while tha more dilute mix of acid and crystals suggested by Far low 
at al. is nearer 1.3 g/cm^. 

Particle shape can significantly influence inertial impaction calculations 
because of varying drag forces in air. In nature, most solid aerosol particles 
are nonspherical; on the other hand, liquid particles are spherical. Non- 
spherical particles behave quite differently fron tha spherical ones when 
falling through a resistant medium; the direction of fall of nonspherical 
particles can deviate significantly from a vertical path. Since aerosol 
particles ara liquid* like in tha stratosphere, we reasonably assume they are 
spherical for our calculations. 

We have said that aerosol collection is influenced by mechanisms other 
than inertial impaction, such as Brownian diffusion, electrical forceb, 
gravity settling, thermal force, anc' direct Interception. After examining 
these mechanisms in detail we ha. a found the^ to be insignificant under the 
collection conditions we have iescrlbed; confirming calculations are presented 
in the appendix. 


CONCLUSION 


With Che methods described in this paper, we are able to determine the 
collection efficiencies of our wire collectors for particles of all sizes at 
the altitudes of interest. With these we can correct Che measured size- 
frequency curves to reflect the actual particle populations in the strato- 
sphere. We use figures 5 and 6 and cables 1 and 2 to obtain the necessary 
corrections. The mathematical considerations presented in this paper show 
that aerosol particles of all sizes found in the stratosphere are collectible 
by our wire impaction technique with efficiencies that permit reliable compu- 
tations of Che actual populations. 

There is, however, an unresolved problem. The experiments of Wong et al. 
(ref. 13) represented collections analyzed as total collections across the 
whole wire diameter. Langmuir and Blodgett (ref. 9) had shown theoretically 
that the local collection efficiency at the stagnation point directly facing 
into the airstream could be more efficient (by perhaps 15%) than the wire as 
a i^ole. This has not been tested experimentally. Our particle sizing 
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methods (ref. 5)» however, use observations at the wire stagnation point. 

Thus, our actual collection efficiencies may be somewhat higher than the cor- 
rections ve apply. Although mir present corrections are conservative, ve 
intend to construct a stagnation point correction. We will do this by analyz- 
ing several collections both at the stagnation point and across the whole wire 
diameter. From these data we will determine factors that represent the 
improved efficiency at the stagnation point for each particle size. These 
factors will then be applied as a correction to the efficiency curve of Wong 
et al. and subsequently to our stagnation point size distributions. 
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APPENDIX 

INSIGNIFICANT EFFECTS OF CERTAIN MECHANISMS 
ON AEROSOL COLLECTION 


i 

i 


1 


f 



Coll«cti<m by Brovnlan diffusion occurs tdisn snail psrtlclss In rsndws 
notion devlsta fron the air strsanllnss to contact and adhors to ths collactor 
surface. Stalmand (ref. 23) has derived an equation of Brownian diffusion 
collection efficiency for potential flow that represents the proportion of 
mall particles that will be collected by this nechanlsn: 


Ed 


2.83 


1 


(24) 


where 


Pe Peclet number, D^ ^ 

D^ collector dlametar 
CcKT 

V gas velocity 
& Brownian coefficient 
C(, Cunningham slip factor 
K Boltsmann's constant 

T absolute temperature 

Ug viscosity of gas 
Dp particle diameter 

For Dg - 7.5xlO~S m, Dp - 10“® ra, v - 204.78 m/sec, Wg ■ 1.42l6xi0''5 kg/msec, 
T - 223 K, K - 1.38x10"23 j/k, then D - 5.28x10"^ m^/sec; Pe - 2.92x10**; 
and Eq ■■ 0.017. 

For viscous flow, Johnstone and Roberta (ref. 24) and Rans (ref. 25) 
suggested the following relation for Brownian diffusion efficiency: 
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R«f la Raynolda muabar of flow. Glvan RO{ 
In potontlal flow calculations! than 

Ejj - 4.12 x10“3 


- 127, Pa - 2.92x10'*, as 


Wa aaa from tha abova values for both potantial and viscous flow raglaa 
that tha collactlon afflclancy contributed by Brownian diffusion is small. 

Deposition of particles by electrostatic force is practically nil due to 
tha fact that our collection device does not charge up the particles and the 
wire, and has no voltage differential between the wire and the module case. 

Thermal precipitation of particles would be significant only if the 
aerosol stream passed through a thermal gradient, such as between a hot 
and a cold collection plate. Thermal forces then could drive the particles 
toward the cold surface. However, that is not the case in our collection 
conflg iration. 

Gravity settling of aerosol particles as the stream flows past the 
collector is also not important as shown by the following calculations from 
the formula derived by Ranz (ref. 25), where Eq “ proportion of particles 
that will be collected by gravitational settling. 

Eg - ^ (26) 

where Vg ■ stationary sedimentation velocity of particles and v ■ velocity 
of gas. But, 

Vg - Tg 

where t relaxation time, C(.p^Dp^/18v! , and g •• gravity acceleration 
(9.7504 m/sec^ at 18 km), and ^ 

g 

When Cg» 229.8566, Pi" 1.3x10^ kg/m^, Dp - 10“^ m, Pg ■ 1.4216x10“^ kg/msec, 
Vg - 1.14 m/sec, and v ■ 205.78 m/sec, then Eg - 0.0055. 

For 10-pm particles and smaller it is clear that collection by gravity 
settling is negligible. In the stratosphere, most particles are smaller than 
this size. 

Direct particle interception occurs when a particle follows the gas 
streamline around the wire and is collected wherever its trajectory approaches 
within a distance of Dp/2 of the collector surface. Direct interception is 
described by the parameter 








(27) 




Sr 


5e 


where Dp ■ pertlcle diameter ai»l D(. collector diameter. 

For potential flow, the proportion of particles collected by direct 
interception Is calculated with the following equation (ref. 26): 


1 - 1-fSj <“> 

In the stratosphere when the median particle size (Dp) is near 0.2 ym 
(2xl0~^ m), D^j ■ 7.5*10“® m, and ■ 2.67*10“®, then the Interception 
efficiency (E^) is 0.0054. This very low value clearly shows that collection 
by this mechanism Is negligible. 


Conclusively, inertial Impaction is the only significant effect causing 
deposition of aerosols on our sampling system at stratospheric conditions. 
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lABU 1.- FBACTIONAL EFFlCIBIiGY OF IMERTZAL 
IMPACTIOHs COLLECTOR DIAMETER - 75 )im 
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TABLE 1.- CONCLUDED 
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TABLE 2.- FSACIIONAL EFFICIENCY OF INERTIAL 
IMPACTIONi COLLECTOR DIAMETER - 25 \m 
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1.000 
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.978 
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1.000 
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.19 

.901 

.967 
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1.000 

1.000 

1.000 

1.000 

1.000 
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.19 

.18 

.884 

.956 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

.18 

'.17 

.865 

.940 

.996 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

.17 

.16 

.843 

.925 

.985 
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1.000 
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1.000 

.16 

.15 

.820 

.907 
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.838 
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.12 

.11 

.704 

.806 

.900 

.972 

1.000 
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.11 

.10 

.667 

.775 

.872 

.954 

1.000 
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.10 

.09 

.627 

.736 

.838 

.929 

.995 

1.000 
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.09 

.08 

.580 

.692 

.799 

.898 

.975 

1.000 

1.000 
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1.000 

.08 

.07 

.530 

.642 

.754 

.859 

.949 

.990 

1.000 

1.000 

1.000 

.07 

.06 

.469 

.584 

.698 

.812 

.914 

.962 

1.000 

1.000 

1.000 

.06 

.05 

.398 

.515 

.634 

.752 

.864 

.923 

.974 

1.000 

1.000 

.05 

.04 

.310 

.430 

.550 

.676 

.796 

.866 

.928 

.976 

1.000 

.04 

.03 

.206 

.310 

.443 

.569 

.699 

.776 

.852 

.910 

.968 

.03 

.02 

.103 

.183 

.295 

.417 

.552 

.637 

.722 

.797 

.870 

.02 

.01 

.027 

.053 

.101 

.174 

.293 

.383 

.475 

.562 

.643 

.01 


*^p ** pairtlcle diameter, pm 
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Figure 1.- Diagram of a particle trajectory approaching an Infinitely long 

cylinder placed In a uniform flow. 
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Figure 2 .~ Coiq>arl8on of theoretical and experimental efficiencies of inertial 

impaction on circular cylinders. 
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Figure 4.- Collection efficiency of e 25-ua-dlMi cylinder for varloue particle 
alzes at different altltudea and Inertial paraaeter valuea. 
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Figure S.* Collection efficiency of e TS^uot-dlaa cylinder for verlous particle 

sizes at different altitudes. 
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